Introduction
Over the last couple of years, considerable attention has been focused on the Internet of Things (IOT). Through combining a range of technologies with reductions in the cost and size of the components, the IOT has begun to grow -not only is the number of connections rapidly growing, but it can now be found across an ever-wider array of sectors. Vodafone alone, for example, now claims to have more than 50 million IOT (Roberts, 2017) . While IOT technologies are produced in industries such as aviation/automotive, electronics, medical equipment, software and services, telecommunications and computer hardware sector (Sadowski, Nomaler et al. 2016) , they are applied in a large variety of sectors such as smart cities (Baccarne, Mechant et al. 2014; Anthopoulos 2015) , smart energy (Gans et al, 2013) or smart industries (Da Silveira, Borenstein et al. 2001; Fogliatto, Da Silveira et al. 2012 ).
The economic literature suggests that patent analysis can be used to examine the knowledge base and the technological diversification of companies (Kogut and Zander 1992; Teece, Pisano et al. 1997; Zack 1999) . As the existing knowledge of a firm provides a critical ingredient of competitive advantage and corporate success, the extent to which companies utilize technological diversification as a strategy to enter into new technological areas has only recently begun to be investigated (Kodama 1986; Granstrand 2001; Breschi, Lissoni et al. 2003; Garcia-Vega 2006; Lin, Chen et al. 2006) . Technological diversification has been defined as the extent to which firm use their knowledge base to diversify into relevant or irrelevant technological fields (Kodama 1986; Lin, Chen et al. 2006) . In this respect technological diversification allows firms to enhance their competitive advantages in the market (Garcia-Vega 2006) . In this context, Sadowski et al (2016) have shown that a higher degree of technological diversification can lead to valuable technological specialization in new emerging technological fields such as IOT.
Research has shown that the entry decisions of incumbent companies into new markets are affected by convergence (i.e., the blurring of boundaries between hitherto separate sectors) and increased competition in existing markets (Katz 1996) . More recently, it has been demonstrated that firms prepare for a possible entry into these markets by anticipating and monitoring of processes of convergence of different sectors (Curran, Bröring et al. 2010; Curran and Leker 2011) . As a response to convergence, companies diversify into new markets based on their existing competencies and resources since they change at a much slower pace than technologies and market conditions in converging sectors. Within the resource-based view theory (Wernerfelt 1984; Barney 2006) , diversification into new emerging markets has been conceptualized as a 'Blue Ocean' strategy (Kim and Mauborgne 2005; Kim and Mauborgne 2014) aimed a discovering (and benefiting) from pioneering innovations in these markets (van de Vrande, Vanhaverbeke et al. 2011) . In exploring new technological opportunities in emerging markets, incumbent companies are able to enter into "blue oceans" of uncontested market space instead of battling competitors in traditional "red oceans". In entering a new "blue ocean" market incumbent companies are able to unlock new demand as competition is irrelevant in these markets (Kim and Mauborgne 2014) . In this tradition, research has rarely addressed the extent to which technological diversification into new markets has improved the knowledge position of incumbent companies. As technological diversification into IoT has been a common strategy of ICT companies over at least the past twenty years, large differences persist with respect to their positioning in these new emerging markets (Sadowski, Nomaler et al. 2016 ).
We follow Sadowski et al (2016) in terms of defining the IOT as a bunch of emerging technologies in the ICT sector which include monitoring devices (sensors) and M2M communication, big data analytics and cloud computing. This definition enables us to identify relevant patents, which are then allocated to a specific company. Our study identifies 1322 ICT companies involved in IOT technologies that we classified according to the similarity of their patent profile. We group companies together on the basis of their patenting activity, thereby identifying a series of clusters. Given the volume of IOT patents and the number of companies involved, we then focus our analysis on five emerging sectors within the IOT area: aviation & automobiles, electronics & electrical manufacturing, software & computers, networking equipment and wireless equipment. These sectors are often discussed in terms of being characterised by a series of challenges that the IOT can, at least partially, help to resolve through collecting real-time data, facilitating its analysis and so forth.
Not only does our analysis identify the leading actors present in these areas, as determined by the number of patents and technological diversification, but it also demonstrates that previous experience of ICT patenting does not necessarily result in a substantial presence in these two areas. One way that this can be conceptualised is in terms of 'red oceans' and 'blue oceans' noted above (Kim & Mauborgne, 2015) . We explore this distinction within these sectors by investigating the extent to which the IOT patent portfolios of companies overlap with one another. We find that there is considerable variation in the overlap that exists across our sample.
With this in mind, the rest of the paper is divided into four sections. In Section 2, relevant literature in the area of technological diversification is recounted before Section 3 details the methodology adopted. The findings, in terms of the three hypotheses that we proposed, are described in Section 4. Conclusions are drawn in Section 5.
Technological diversification of ICT firms into emerging technological areas
The economic literature has proposed that the knowledge base of a firm provides strategic options to companies (Kogut and Zander 1992; Teece, Pisano et al. 1997; Zack 1999) . In order to turn this knowledge into competitive success, a variety of other factors are becoming important such as previously pursued strategies as well as experience and efficiency gained in earlier periods (Teece, Pisano et al. 1997) . In addition, the knowledge should be relevant in a particular technological area. As the existing knowledge of a firm provides a critical ingredient of competitive advantage and corporate success, the extent to which companies utilize technological diversification as a strategy to enter into new technological areas has just recently been investigated (Kodama 1986; Granstrand 2001; Breschi, Lissoni et al. 2003; Garcia-Vega 2006; Lin, Chen et al. 2006) . In this context, the paper focuses on the extent to which the knowledge position of a firm is strategically utilized to gain competitive advantage in new emerging technological areas. More specifically, it explores different patent portfolios of firms are linked to the level of technological diversification and their technological performance.
Technological diversification has been defined as the extent to which firms use their knowledge base to diversify into relevant or irrelevant technological fields (Kodama 1986; Lin, Chen et al. 2006) . Earlier research has shown that technological diversification allows firms to enhance their competitive advantages in the market (Garcia-Vega 2006) . As most companies are multi-technology corporations (Granstrand, Patel et al. 1997; Pavitt and Patel 1997) , their profiles of technological diversification differ as a result of company history, initial conditions, patterns of specialization, market incentives and the specifics of the institutional setting surrounding these firms (Breschi, Lissoni et al. 2003) . Furthermore, these profiles might even be very similar among large firms producing similar products, in particular in high tech industries (Pavitt and Patel 1997) . These firms can utilize technological diversification as a way to continue previous patterns of technological diversification due to inertia of specialization, incremental changes in knowledge production and modifications in firm's competencies (Cantwell and Andersen 1996) as well as to anticipate product and market diversification (Pavitt 1998) . However, even if Gambardella and Torrisi (1998) have shown that corporate performance is related technological diversification, there are still some risks related to over-diversification leading to negative synergies and diseconomies of scope (Lin, Chen et al. 2006) . A key question in this respect has been how do multi-technology firms react in their technological diversification strategies in response to uneven rates of development of technology on which they rely and with unpredictable product-level interdependencies (Brusoni, Prencipe et al. 2001) . In other words, technological diversification of firms in currently irrelevant technological fields can provide new technological opportunities in relevant future technological areas.
In order to evaluate technological diversification of multi-technology firms in the event of uneven rates of technological change, the claim is that a emerging technological landscape can allow the firm to exploit new technological opportunities and prevent competitors from entering this new technology field. In this respect, the patent claim can provide a relative competitive advantage vis-à-vis competing firms in an emerging technology field (Mihm, Sting et al. 2015) . Previous research has shown that this relative advantage can be based on related or unrelated technological diversification with related technological diversification having a positive effect on firm performance, while there is an optimum level of unrelated technological diversification for companies (Chen and Chang 2012) . In this context, Sadowski et al (2016) have shown that a higher degree of technological diversification can lead to valuable technological specialization in new emerging technological fields such as IOT.
Most large firms have diversified patent portfolios which might even exceed the diversification level of their current product portfolio (Pavitt and Patel 1997; Gambardella and Torrisi 1998) which has been motivated by variety of reasons. An important motivation of companies to diversify technologically has been related to an increasing complexity of new innovative products and processes (Rycroft and Kash 1999 ) requiring firms to invest in different technological fields at the same time. Furthermore, large firms are involved in continuous processes of experimentation and exploration of new technologies to assess and learn about the potential of these new technologies (Lynn, Morone et al. 1996) , as it remains rather unclear in case the patent is awarded and there are no commercial applications yet.
Third, in cases where there are excess resources available in the company, they can be used to diversify in emerging and promising technological areas (Leten, Belderbos et al. 2007 ).
Furthermore as it has been demonstrated, the drivers of technological diversification of firms are industry specific with some variations even within sectors (Leten, Belderbos et al. 2007 ). These differences in technological diversification can be attributed to variety of strategies of management responding to increasing technological complexity and uncertainty (Nelson and Winter 1977) but also to persistency of the composition of the technological portfolios of firms over time (Pavitt and Patel 1997) . As processes of technological change are driven by innovations, their growth proceeds in a cumulative fashion combining problem definition and problem solving activities (Rosenberg 1982) . However, as the problems in the innovation process have to be solved at the firm level, the learning experiences defining the technological trajectory followed by a company are distinct and firm specific. As a result of these distinct and cumulative processes of firm-level learning, the path defining the technological trajectory of the firm is unique and path dependent (Dosi 1982; Dosi 1988) . In essence, this would explain why current technological profiles are related to past technological developments within a firm. Research has shown that companies continue developing technological competencies in areas where they initially gained technological advantages in the past even over long period of time (Fai 2003; Cantwell 2004 ).
Research has pointed at a number of positive effects of technological diversification on technological performance, related to cross-fertilization between different technological fields and more options to create completely new products. If firms operate in different technological fields, they can cross-fertilize knowledge in these areas to generate new inventions as well as better product and process performance (Granstrand, Patel et al. 1997 ).
In addition, with a broader technology base, firms are able to generate innovations based on new combinations of knowledge from different technology fields (Kodama 1986 ).
However, there are also threats to technological diversification as firms might lose their focus in a particular field that requires economies of scale. Furthermore, with greater technological diversification the costs of integration, coordination and communication are increasing (Granstrand, Patel et al. 1997 ). In addition, large firms even have to accommodate different existing and mature as well as emerging and novel technologies at the same time, that actually provides for tension and conflict within the firm (Schumpeter 1942; Arrow 1962 ). This tension has extensively been studied in the literature on exploration and exploitation (March 1991) and recently been discussed in the context of 'blue ocean' strategies (Kim and Mauborgne 2005) in order to define possible managerial solutions for firms to enter new and uncontested markets (Kim and Mauborgne 2014) . With increasing tension between exploiting existing and mature technologies, on the one hand, and exploring emerging and novel technologies, on the other hand, firms have to allocate scarce resources and capabilities to these activities which might favour, in the case of incumbent companies, existing and mature technologies. The 'blue ocean' strategy provides in this context a commitment to greater flexibility by taking advantage of emerging and novel technologies.
Based on the argument developed, similar to Leten et al (2007) In order to examine the extent to which path dependencies and previous technological experiences play a role in technological performance of firms, the literature has focused on the strategic value of the current and past knowledge position that is rooted in a firm's patent portfolio. The more related the patent portfolio is, the easier it becomes for a firm to use a common knowledge base. In contrast, firms that diversify more coherently maybe able to avoid the negative effects of technological diversification, leading to:
H2: The higher the degree of technological relatedness of a firm's patent portfolio, the greater the positive impact on technological performance.
Research has shown that there are industrial differences with respect to the degree of technological diversification of companies (Gerybadze and Stephan 2002; Kim, Lim et al. 2009 ). It has been shown that companies in the telecom industry followed a narrower technological diversification strategy compared to companies in other sectors (Gerybadze and Stephan 2002). As we are disaggregating the different industries in which technological progress in ICT has rather been continuous (electronics and electrical manufacturing, software and computers, networking equipment, wireless equipment) compared to industries characterized by more discontinuous technological shifts (aviation and automobiles), we expect large differences in technological diversification across these industries. 
H3: In technological areas in which companies

Methodology and data
In order to examine the impact of the technological diversification and the current knowledge position of ICT firms on their technological performance in emerging technological areas in IOT, a panel data set has been created containing 1322 firms with origins in the ICT sector.
We consider technological diversification into IOT as a 'Blue Ocean' strategy, that is, firms enter uncontested markets with untapped opportunities where competition is irrelevant.
However, empirical research on the industry level has rather been limited in this area (Burke, van Stel et al. 2016) . We focus on technological diversification of incumbent firms into IOT by looking similar at their past technological performance in ICT (Kim, Lee et al. 2017 ). The past technological performance in the ICT sector was measured in terms of having patents in the technology class of transmission technology (H04L: transmission of digital transmission).
These firms have been active in a variety of emerging sub-sectors in the area of IOT:
• Aviation and automobiles (284 firms);
• Electronics and electrical manufacturing (250);
• Software and computers (269);
• Networking equipment (204); and,
• Wireless equipment (162). The firms in the sample were responsible for a total of 875.667 patents in the IOT area. Most patent activity was observed in the sector electronics and electrical manufacturing with 281.551 patents accounting for about 1/3 of all patents in the IOT area. This sector was considered as the most dynamic area in IOT. (Greene 2003) to the estimate the effects of technological diversification and the knowledge position of firms on their technological performance. By using this panel data estimation method, we are able to control for the impact of unobserved firm-specific characteristics related to the technological performance, which might bias the results of the analysis (Greene 2003 ). The empirical model tested in the analysis as the following: See Table 5 (below).
In the literature, there has been a discussion on the extent to which patent applications can be used as an indicator of a firm's technological performance (Brouwer and Kleinknecht 1999; Hagedoorn and Cloodt 2003) . Compared to other indicators, it has been shown that the patent data has advantages related to availability at the firm level, the longer period of coverage and the detailed information that is available. The disadvantages of using these data are related to varying patent applications across industries and lower propensities of smaller firms to patent (Brouwer and Kleinknecht 1999) .
Technological Diversification
Technological diversification (DIV) defines the extent to which the patent portfolio of a firm is spread across different technology classes. In contrast to traditional measure (HHI index) used for technological diversification (Hall and Trajtenberg 2004) , an entropy measure is utilized that allows to decompose the measure at the each sectoral digit level. As a result, the entropy measure can be used in a regression analysis without necessarily causing collinearity.
We follow the approach outlined by Frenken et al (2007) . In order to account for relatedness in technological diversification, we use the concept of related variety (Franken et al, 2007) to examine the distinction between patents that are related to each other within the same IPC class. In this context, related technological variety addresses the variety in IPC codes within the same patent class. The strategic management literature has extensively used the entropy measure (Jacquemin and Berry, 1979; Hitt el al, 1997; Chen et al, 2010; Chen and Chang, 2012) . In terms of entropy measures, we defined technological diversification as: 
We can disaggregate different level of relatedness at the 4-digit level. IPC codes should start in these cases with the same first four digits will be treated as related.
Control variables
The empirical model in this study controls for a number of factors that are likely to impact on technological performance. We controlled for the total innovative activities of companies in ICT by introducing a log variable for total patents in ICT (PATICT). A second control variable is the time these firms have already been engaged in patenting in ICT (YearsPat). It has been shown that companies, which can utilize a larger stock of patents are expected to be more experienced at the activity. This allows them to be more effective at generating new patents. In addition, experiences in developing patents is also expected to be linked to the period that the firm has been involved in patenting.
Findings
Descriptive statistics
In Table 2 , we report the descriptive statistics of the dependent and explanatory variables.
The mean numbers of patent applications in IOT (PATIOT) and patent applications in ICT (PATICT) in the sample amount to 1373 and 3620 in respective order. The mean technological diversification measure (DIV) is 4.50. As expected, the history of patenting in ICT for the companies in our sample is very long, with a mean of 25 years. In Table 3 , we specified the coefficients of correlation between the variables of interest. The patent stock in IoT correlates highly with the total patent stock in ICT (0.999). Technological diversification (DIV) correlates negatively, but not particularly strong, with the level of technological relatedness. In order to examine the third hypothesis, we were estimating the parameters for the technological diversification and technological relatedness for the companies in the five different technological fields. Table 5 shows the results of the estimates for the five negative binominal regression models. In general, these models confirm the results shown in Table 4 for all firms in the IOT sector. The signs for the variable for technological diversification (DIV) are negative and significant in all models. In addition, the signs for the variable for technological relatedness (REL) are positive and significant. In addition, the control variable for total patenting (PATICT) is positive and significant in all models. However, more interestingly we were examining the differences in the magnitude of the parameters for the five technological fields. The coefficients for technological diversification vary greatly between a low magnitude in the technological field of aviation and automobile (-4.4122) (AviaAuto) and a high magnitude in the field of electronics and electrical manufacturing (-11.1670) (ElectrElecM). This indicates that the negative effects of technological diversification on technological performance differ across the technological fields, with lowest negative effects in the sector with rapid technological change like electrical manufacturing and electronics.
In addition, the coefficients for technological relatedness differ across sectors from high coefficients in the technological fields of electronics and electrical manufacturing (0.3645) (ElectrElecM), wireless equipment (WirelessEq)(0.3778) and software and computing (SoftComp)(0.3016) to lower coefficients for networking equipment (NetwEquip)(0.0889) indicating that technological relatedness has smaller marginal effects on technological performance in some sectors. In other words, in sectors characterized by rapid technological change like electrical manufacturing and electronics where, contrary to expectations, firms are experiencing more negative effects on their innovative performance if they were more technologically diversified and less focused on technologically relatedness.
Hypothesis 3 was, therefore, not confirmed.
Discussion and conclusions
The paper has examined, in detail, the effects of technological diversification on While this restructuring and refocusing has been occurring, Philips has continued to spend significant sums on R&D activities. It is no exaggeration to state that Philips has been for many years a key component of the Dutch R&D landscape, working with the government as well as universities, and through this they have developed a substantial patent portfolio.
This helps explain the disconnect between the large patent portfolio of Philips, both generally and in respect to IOT, and the current rather narrow focus of the company on a single line of business, namely, healthcare. While this legacy has arguably advantageously placed today's Philips for the future, it has, after all, almost 9,000 IOT related patents, it is debatable whether the company has the means to identify and then exploit 'Blue Oceans', that is, uncontested markets where rivals are absent. The company's narrow operational focus on healthcare inevitable means that it is well placed to identify and exploit developments in this market, but the focusing on a single market means that it lacks the ability to monitor developments in other (related) markets.
Furthermore, it may also lack the financial resources needed to develop any new markets that it identifies as it is considerably smaller than many of its rivals in the cluster.
Having said this, there are, of course, advantages to both being focused on a single market as well as smaller than your rivals. The focus facilitates a better understanding of developments with the market, while being smaller enables swifter responses to changes and opportunities.
It is not clear from our analysis where the balance lies between size and scope on the one hand, and focus and nimbleness on the other. That both small and large companies are identified in research reports suggests that the 'winner takes all' structure that characterizes many high-technology markers has yet to emerge with regards to IOT.
Within the context of 'Blue Oceans' this suggests another line of further research, namely, exploring whether or not small companies seek to protect their technology through patents. New entrants into IOT markets may prefer to focus on developing their market presence and attracting customers than on investing what could be for them considerable resources on acquiring patents. Moreover, patents place information regarding a product into the public domain, with the consequence that companies may be reluctant to patent for fear of revealing too much information to (actual or potential) rivals. In other words, patenting may reveal markets and encourage other companies to enter them.
At first glance, there is a significant omission from the leading companies in the 'software and computing' cluster (Appendix 3): Microsoft. On closer examination, however, it becomes apparent that Microsoft is present through one of its subsidiaries, Avicode Inc.
That Microsoft has chosen to register its patents through a subsidiary raises another issue that requires further consideration, namely, the impact of merger and acquisition activity on the patent portfolio of companies. While this has been alluded to above with respect to Philips, it is arguably a more acute issue in those industries characterised by rapid innovative activityas demonstrated through large scale 'start-up' activity or the presence of venture capital -but also the willingness of larger, established, companies to acquire these companies. Microsoft, along with Cisco, Google, Intel and Oracle, are all active purchasers of companies, and while the larger deals may grab the headlines the frequency and scope of the smaller ones raises the possibility that they are acquiring (new) technologies. One way to examine whether this is the case would be to identify the acquired companies and then determine if they had a patent portfolio at the time of the purchase. A comparison could then be drawn between the number of acquired patents and the number generated internally, with the higher the ratio the stronger the suggestion that the company is acquiring existing (or future) products.
If established companies are using their financial muscle to acquire start-ups, then they are in effect using these innovative companies to identify new markets that they should be present in. This is, however, not the same as entering uncontested markets in a manner consistent with the notion of a 'Blue Ocean' strategy. Instead the strategy centres on the use of start-ups to demonstrate the viability of a new market, which is then swiftly followed by their purchase by a (larger) company whose resources -financial, distributional, relational etc. -are then used to develop the market. Rivals may exist, but through utilising the resources from the now parent company it is expected that the acquired company will out grow them and come to dominate its own particular market. Having said this, if the acquired company operates in a market lacking a dominant actor and is characterised by diversity, then the new market could be interpreted as being uncontested.
Appendix 4 details the leading companies within the 'networking equipment' cluster.
The inclusion of Cisco Systems is no surprise, but the presence of three companies -Lucent, Alcatel and Nortel -arguably is, given the financial problems that have experienced in recent. This reiterates the gap, first noted above with respect to Philips, that can exist between the financial and patent performance of companies. While these companies possess a substantial portfolio of IOT related patents, and thus could be well placed to exploit the growth in IOT markets, whether they are able to do so is uncertain.
The leading companies of the 'wireless equipment' cluster (Appendix 5) are a mix of well-established manufacturing companies like Ericsson along with companies that have arguably seen better days like Motorola and Nokia. In this respect, there is a common thread to the leading companies in 'networking equipment' and 'wireless equipment'. What is different, however, is the presence of Qualcomm as well as ETRI -both are research and development orientated, though Qualcomm as a private company is different from ETRI which is a research institute. The presence of these two companies highlights the complex set of relationships that can exist between companies, with some developing and then licensing technology to those who use it in the development of their own products and services. While this may facilitate the entry of companies into new markets, it also places them at the mercy of another party whose commercial interests may change over time.
In summary: this paper has sought to understand technological diversification by leading ICT companies into IOT. While evidence among our sample of 1322 leading ICT companies supported the three hypotheses, which are based on the literature, that we suggested, the findings also suggested a range of issues that require further investigation and thus clarification. These issues are diverse, reflecting both the uncertainty and dynamism surrounding IOT as well as complexity of issue processes that occur within and between companies. 
